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Abstract 
This study presents a statistical analysis of patent data to explore the technological developments of the Organic Rankine Cycle 
(ORC). The ORC is considered as one of the most economic and efficient ways to convert low grade thermal energy to electricity. 
Patent data of this study are obtained from the commercial database, Thomson Innovation, which can be used to search the patent 
information from many countries and offices. With searching, screening, and patent family integrating by the International Patent 
Documentation Center (INPADOC), 304 patents are analyzed in the present study. The results show that the patent applications 
increase slowly before 2006, but increase significantly from 2009 to 2011 mainly due to the contributions from the applications 
in China and Republic of Korea. The year of 2009 can be regarded as a significant distinction year for the ORC development and 
patent application. The results also show that the assignee from United States is the most prominent. On the other hand, the 
number of patent applications in China is the largest, indicating that China might be one of the most potential markets of the 
ORC. The main International Patent Classification (IPC) of the patent data is F01K (i.e., Steam engine plants; Steam 
accumulators; Engine plants not otherwise provided for; Engines using special working fluids or cycles). Most importantly, the 
technology life cycle of the ORC, based on the patent data, is at a growth stage. 
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1. Introduction 
An Organic Rankine Cycle (ORC), in general, employs the same principle of the steam Rankine cycle but uses 
organic fluids with low boiling point as a working fluid, which enables power generation for low heat source 
temperature [1]. The ORC is considered as one of the most economic and efficient ways to convert low grade 
thermal energy, such as geothermal energy, solar thermal energy, waste heat recovery, biomass energy, and ocean 
thermal energy, to electricity [2]. In recent years, the ORC are being studied in many topics, such as technical-
economical-market survey [1,3], working fluid selection [4], proof-of-concepts [5], model for the optimal control 
strategy [6], quasi-dynamic model [7], and running test of prototype [8]. 
Patent documents contain important research results, which are valuable to the industry, business, law, and 
policy-making communities [9]. There are four major uses of patent information [10]: (1) competitor analysis; (2) 
technology pretest and tracking; (3) crucial technology mastery; and (4) trends and circumstances of patent 
development in various national markets. With carefully analyzing the patent document, it can display technological 
details and relations, reveal business trends, inspire novel industrial solutions, or help make investment policy [11]. 
In addition, Cantwell and Janne [12] pointed out that utilizing patent information would shorten research and 
development (R&D) time by 60% and reduce R&D costs by 40%. The patent analysis is a statistical, analytical, and 
comparative method to explore the information contained in a patent document, and is widely used to study and 
examine R&D capacity, technological field, industrial department, and company levels [13]. 
There are great amount of research articles and documents relating to the ORC, but no study on the patent 
analysis of the ORC is available, to the best of our knowledge. This study conducts a statistical analysis of patent 
data to explore the technological developments of the ORC. The evolution of number of patents and assignees, the 
technology life cycle, and the major International Patent Classification (IPC) of the patent data are discussed. In 
addition, this work also presents an analysis of the patent data by country/office and assignee’s nationality. 
 
Table 1. Results of patent search from different databases. 
Keyword: organic rankine cycle Number of patents 
USPTO* 197 (issued) 415 (application) 
WIPO+ 239 
EPO+ 61 
Thomson Innovation (TI)# 1026 
TI with patent families integrating by the INPADOC 452 
After screening the results of TI with patent families integrating by the 
INPADOC (present study) 304 
                                      * Keyword in title or abstract or claims or description/specification. 
                                      + Keyword in full text. 
                                      # Keyword in title or abstract or claims. 
2. Methodology 
Since the word “Organic Rankine Cycle” is quite well known, the present study uses this as a keyword while 
searching the patent data. For searching patents from the United States Patent and Trademark Office (USPTO), the 
keyword in title or abstract or claims or description/specification is employed; for searching patents from the World 
Intellectual Property Organization (WIPO) and the European Patent Office (EPO), the keyword in full text is used; 
and for searching patents from the commercial database, Thomson Innovation (TI), the keyword in title or abstract 
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or claims is used. Above searching strategies used in the present study would cover a wide range of patent data, 
which is benefit to the statistical analysis. Table 1 summarizes the results of patent search from different databases. 
Finally, this study uses the patent data obtained from the TI database which can be used to search the patent 
information from many countries and offices, such as United States (US), United Kingdom (GB), France (FR), 
China (CN), Republic of Korea (KR), Japan (JP), EPO, WIPO, and International Patent Documentation Center 
(INPADOC). The number of patents obtained from the TI database is 1026. After patent family integrating by the 
INPADOC there are 452 patents. The patent family used in the INPADOC is called “Extended Patent Family” and 
defined as follows [14]: “All the documents directly or indirectly linked via a priority document belong to one patent 
family.” Martínez [15] pointed out that the INPADOC extended patent family is the best way for the analysis of 
broad patent applicant strategies. Furthermore, to exclude the patents non-concerning the ORC essentially, there are 
304 patents after screening. In addition, the present statistical analysis of the obtained patent data is conducted by 
the Patent Map Analysis System, which is developed by Industrial Technology Research Institute. 
 
(a)  
(b)  
Fig. 1. Evolution of number of (a) patents and (b) assignees. 
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3. Results and discussion 
3.1. Number of patents and assignees 
The evolution of number of patents and assignees is shown in figures 1(a) and 1(b), respectively. At first, it 
should be noted that the years presented in this figure are not continuous due to no patent application in some early 
years. The years with patent application, as shown in the figure, are 1971, 1980, 1983, 1985, 1987–1992, 1995–
1997, 1999, and 2001–2012 sequentially. Here, the year used in this study is based on the patent filing date. 
Moreover, it should be mentioned that the number of patent data in 2012 will keep increasing due to the limitation 
of the disclosure schedule of the patent. In general, when the patent is filed, the patent information will be released 
about 18 months later. Before 2006, as shown in figure 1, the growth rate of number of patents and assignees is quite 
small and the numbers of patents and assignees are less than 7 and 6, respectively. On the other hand, figure 1 
depicts a rapid growth of number of patents and assignees in 2009–2011, which indicates that the ORC technology 
begins to receive much more attention than before. Many academic and research institutions participate in R&D of 
the ORC technology. The ORC-related academic documents published in 2003–2012, as shown in figure 2, can be a 
significant evidence for this change. The results of published document are obtained from Google Scholar, which 
the patent data are excluded. Academic documents increase slowly before 2009, but show a rapid increase beginning 
at 2009. The year average increase of the published documents is only 26 in 2003–2008 but is as high as 164 in 
2009–2012. The trend of patent applications and published documents is quite similar. Consequently, the year of 
2009 can be regarded as a significant distinction year for the ORC development and patent application. 
 
Fig. 2. Academic documents published in 2003–2012. 
3.2. Technology life cycle 
Patent documents usually contain the core technology information and can indicate the technology development 
and life cycle stage for particular product before it starts being commercialized [16]. The technology life cycle can 
be divided into four stages [17]: introductory stage, growth stage, maturity stage, and decline stage. Figure 3 shows 
the evolution of number of patents vs. assignees, which is the typical figure to explore the technology life cycle base 
on the patent data. In this figure, it is clearly seen that both of numbers of patents and assignees increase slowly 
before 2006, indicating that the technology life cycle is at an introductory stage. This trend implies that only a few 
manufactures and institutions participate in the R&D of the ORC technology before 2006. On the other hand, as 
shown in figure 3, both of numbers of patents and assignees increase rapidly after 2006, especially in 2009–2012, 
indicating that the technology is entering a growth stage. The numbers of patents and assignees are reaching 29–85 
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and 17–41, respectively, in 2009–2012. Generally, during the growth stage the fundamental technical problems have 
been solved and the market uncertainty is vanished. Most importantly, many products are developed and start being 
commercialized [17]. Indeed, there are many commercial ORC products available now, such as products 
manufactured by General Electric Company and UTC Power Corporation. 
 
Fig. 3. Technology life cycle. 
 
Figure 4. International Patent Classification (IPC) of the patent data. 
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3.3. International Patent Classification (IPC) 
The International Patent Classification (IPC) system is a hierarchical system to classify patents and utility models 
according to the area of technology to which they relate [18]. Figure 4 shows the top ten IPCs of the present patent 
data. The code F01K “STEAM ENGINE PLANTS; STEAM ACCUMULATORS; ENGINE PLANTS NOT 
OTHERWISE PROVIDED FOR; ENGINES USING SPECIAL WORKING FLUIDS OR CYCLES” has the 
greatest number of patent of 200. The next two codes are F03G “SPRING, WEIGHT, INERTIA OR LIKE 
MOTORS; MECHANICAL-POWER PRODUCING DEVICES OR MECHANISMS, NOT OTHERWISE 
PROVIDED FOR OR USING ENERGY SOURCES NOT OTHERWISE PROVIDED FOR” and F01D “NON-
POSITIVE DISPLACEMENT MACHINES OR ENGINES, e.g. STEAM TURBINES”. The number of patents of 
F03G and F01D are 52 and 44, respectively. Above three codes cover most of the patents discussed in the present 
study. In addition, the technical topic of these codes is almost the same, i.e., power-generation-related, which is 
highly related to the subject of this study. 
(a)  
(b)  
Fig. 5. Number of patents and its evolution by country/office. 
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(a)  
(b)  
Figure 6. Number of patents and its evolution by assignee’s nationality. 
3.4. Analysis by country/office and assignee’s nationality 
Figure 5 shows the number of patents filed in different countries/offices and their evolution of patent 
applications. In this figure, words “WO” and “EP” stand for the patent filed in WIPO and EPO, respectively. Figure 
5(a) illustrates that CN, US, WO, KR, and CA are top five countries/offices. The number of patent applications in 
CN is the largest, indicating that CN might be one of the most potential markets of the ORC. The patent filed in CN 
starts in recent years and shows a significant increase in 2009–2012, as shown in figure 5(b). The number of patent 
applications in CN reaches 20–30 each year during 2010–2012. It is of interest that the patent filed in KR also starts 
in the recent years. On the other hand, the patent filed in US is earliest, and increases slowly before 2009 and 
reaches its maximum in 2009. This is a major reason for that the patent applications present a rapid growth after 
2008, as shown in figure 1. 
The number of patents and its evolution by assignee’s nationality are presented in figure 6(a) and 6(b), 
respectively. Figure 6(a) shows that US, CN, KR, IT (Italy), and DE (Germany) are top five patent assignee’s 
nationalities. The patent application from the US assignee is the earliest and keeps increasing. On the other hand, the 
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patent application from the CN assignee starts in 2007 and increases rapidly since 2009. In addition, it should be 
noted that the patent application from the CN assignee is larger than that from the US assignee since 2010. 
4. Summary and conclusions 
This study conducts a statistical analysis of patent data to explore the technological developments of the Organic 
Rankine Cycle. Patent data are obtained from the commercial database, Thomson Innovation, which can be used to 
search the patent information from many countries and offices, such as US, GB, FR, CN, KR, JP, EPO, WIPO, and 
INPADOC. With searching, screening, and patent family integrating by the INPADOC, 304 patents are analyzed in 
the present study. The following conclusions may be drawn from the present study. 
(1) The patent applications increase slowly before 2006, but increase significantly in 2009–2011 mainly due to 
the contributions from the applications in CN and KR. The year of 2009 can be regarded as a significant 
distinction year for the ORC development and patent application.  
(2) Three main IPCs of the obtained patent data are F01K, F03G, and F01D. The technology topic of these three 
codes is essentially power-generation-related, which is highly related to the subject of this study.  
(3) The assignee from US is the most prominent. On the other hand, the number of patent applications in CN is 
the largest, indicating that CN might be one of the most potential markets of the ORC.  
(4) Most importantly, the technology life cycle of the ORC, based on the patent data, is at a growth stage, 
indicating that many products are developed and start being commercialized [17]. 
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